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EXECUTIVE  SUMMARY 

7^4/.  puf'po seS  o  ^ 

1.  At  the  request  of  TactieaT'Air  Command,  a  Pavement 
l^eluation  Team  from  HQ  Aarx  Force  Engineering  and  Services 
Center  (AFESC)  performed  Modified  destructive  airfield  pavement 
evaluations v^t._Sg^si  and  Sucre,  Bolivia  during  15-23  April 
1989.  The  purposes*-jwere  to  establish  physical  property  data, 
determine  pavement  load  carrying  capabilities,  and  identify  any 
existing  or  potential  pavement  distresses. 


2.  POTOSI  AIRFIELD 

lavement  conditions  at  Potosi  exten^from  :i^:RY  GOOD  to  FAILED 
with  the  majority  of  the  runway  in  GOOD  condition.  The 

primary  reason  for  the  runway  condition  is  the  limited  amount 
and  type  of  aircraft  that  use  the  airfield.  Although  runway 
conditions  do  not  indicate  structural  overloading,  most  of  the 
runway  is  not  strong  enough  to  support  C-130  operations. 
Specific  load  carrying  capabilities  are  ^iftTined  in  the  Potosi 
Allowable  Gross  Load  Table,  Appendix  F.  Load  carrying 
capabilities  of  the  apron  and  access  taxiways  are  also 
limited.  Recommend  the  runway  and  adjoining  pavements  be 
structurally  enhanced. 


3.  SUCRE  AIRFIELD 

-pavement  conditions  at  Sucre  are  V^RY  GOOD,  or  better. 
Distresses  are  limited  to  isolated  low  severity  longitudinal, 
transverse  and  map  cracks.  Joint  sealant  is,  generally,  in 
GOOD  condition.  The  apparent  distresses  have  been 
well-maintainedf which  is  indicative  of  sound  engineering 
practices,  ^o  signficant  load  limitations  exist  on  the 
airfield.-.  Specific  load  carrying  capabilities  are  outlined  in 
the  Sucre  {section  of  Appendix  F. 

c 


,>  ■  ''  '■  ' 

1  f  '  <iZ  : 

I.  a'  ii 

j  .  •  ■  .  4 

’  i 


SBCTIOa  I :  IHTRODUCTIOH 


A.  SfiQEl  r 

4-  ■■  . 

A  Air  Forc«  Engineering  and  Services  Center  (HQ 

AFI8C)  PaveMnt  Evaluation  Team  (PET)  performed  modified 
destructive  airfield  pavement  evaluations  at  Potosi  and  Sucre, 
Bolivia,  at  the  request  of  Headquarters,  Tactical  Air  Command 
(TAC).  Field  testing  was  accomplished  during  15-23  April 
1989.  The  purposes  of  the  evaluations  were  to  investigate 
distress  patterns  on  the  airfields,  establish  physical  property 
data,  determine  the  in  situ  properties  of  the  pavement 
structures  for  calculating  allowable  gross  loads  (AGLs),  and 
identify  reasons  for  existing  or  potential  pavement  distress. 

This  report  is  intended  as  an  aid  to  individuals, 
organizations,  and  agencies.  With  this  in  mind,  the  narrative 
is  brief  but  is  supplemented  by  many  detailed  appendices. 

Potosi  pavement  evaluation  is  reported  first  in  each  section, 
followed  by  the  Sucre  evaluation.  A  list  of  the  included 
appendices  is  provided  below. 


Appendix 


Airfield  Layout  Plan;  This  plan  graphically 
depicts  different  pavement  features  of  the 
airfield. 

This  appendix  not  used. 


These  plans  document  the  locations  where  tests 
were  conducted  and  cores  were  extracted.  Core 
thicknesses  and  flexural  strengths  are  also 
recorded  on  the  core  location  plan. 

Condition  Survey:  This  plan  shows  the 
operating  condition  of  the  airfield  pavements. 
The  condition  ratings  are  a  qualitative 
assessment  of  the  pavement  surface  conditions 
based  upon  visual  observations  and  engineering 
judgement. 

Summary  of  Physical  Property  Data:  Physical 
properties  of  each  pavement  feature  are 
tabulated.  Included  are  feature  dimensions, 
material  types,  thicknesses  of  layers,  and 
engineering  properties. 
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Allowable  Gross  Loads  <AGLs^!  A  listing  of  the 
allowable  magnitude  of  loads  at  four  pass 
intensity  levels  for  each  aircraft  group. 

G  Belated  Information;  Included  in  this  are 

Aircraft  Group  Indices,  Gross  Weight  Limits  for 
Aircraft  Groups,  Pass  Intensity  Levels, 
Climatological  Chart,  and  Climatological 
Narrative. 


B.  SITE  LOCATIQJWS 

Potosi  is  located  in  the  Andes  Mountains  of  Bolivia.  The 
elevation  is  approximately  13,500  feet  above  sea  level.  The 
team  flew  into  Sucre  via  a  C-130  and  drove  up  the  mountain  on  a 
gravel  road  to  Potosi.  Sucre  is  also  in  the  Andes,  but  at 
approximately  10,000  feet  above  sea  level.  Respective 
locations  are  shown  in  the  map  below. 


SECTION  II.  EVALUATION  PROCEDURES 


A.  gIBLP  TBSHHQ 

Potosi  airfield  pavement  testing  included  California  Bearing 
Ratio  (CBR)  tests.  Small  Aperture  Tests  (SAT)  and  Dynamic  Cone 
Penetrometer  (DCP)  tests.  The  DCP  measures  penetration 
resistance  of  the  subsurface  soils.  The  resistance  values  were 
then  correlated  to  corresponding  CBRs  used  for  design  and 
evaluation  of  flexible  pavements.  Original  testing  at  Potosi 
was  to  be  limited  to  SAT  and  various  penetration  tests,  but  the 
material  was  such  that  four  (4)  test  pits  were  excavated  on  the 
runway . 

Pavement  testing  at  Sucre  Airfield  was  done  by  extracting 
pavement  cores  and  conducting  SAT  and  DCP  tests  in  the  pavement 
core  holes.  Sucre  airfield  pavements  are  Portland  cement 
concrete  (PCC) ,  hence  all  CBRs  were  correlated  to  moduli  of 
subgrade  reaction  (k-values)  used  in  design  and  evaluation  of 
rigid  pavements. 

Field  testing  also  included  pavement  core  and  soil  sampling. 

The  cores  were  used  to  verify  pavement  thicknesses  and 
construction,  as  well  as  to  help  determine  pavement  strength 
characteristics  and  life  expectancy.  Test  and  core  locations 
are  shown  in  Appendix  C. 


B.  CQHPmQH  .RATINGS 

Pavement  condition  definitions  range  from  EXCELLENT  (like  new) 
to  FAILED  (unsafe  for  aircraft  traffic).  Condition  ratings  are 
a  qualitative  assessment  of  the  pavement  surface  and  should  not 
be  confused  with  the  structural  capacity  of  a  pavement.  For 
example,  a  pavement  surface  may  rate  EXCELLENT,  but  have 
underlying  pavement  or  soil  conditions  that  could  result  in 
pavement  failure  under  the  applied  load  of  a  given  aircraft. 

On  the  other  hand,  a  pavement  may  be  structurally  sound  but  the 
surface  condition  may  be  hazardous  for  aircraft  traffic. 
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C.  LABORATORY  TESTIMG 

PavMieiit  core  samples  were  returned  to  Tyndall  AFB  for 
laboratory  testing.  PCC  cores  were  tested  for  strength  by 
t«isile  splitting  in  accordance  with  ASTM's  "Standard  Test 
Methods.”  The  six-inch  diameter  core  tensile  splitting 
strmigtbs  were  then  converted  to  flexural  strengths  by  using  an 
empirical  relationship  (Ref  4).  Flexural  strengths  are 
reported  on  the  "Core  Location  Plan"  (Appendix  C)  and  in 
Appendix  E.  PCC  cores  taken  at  Potosi  were  below  the  minimum 
length  for  testing.  Flexural  strengths  for  these  features  were 
estimated  from  design  and  construction  drawings. 


D.  MATERIAL  PROPERTIES 

The  load-carrying  capacities  of  the  pavements  reported  herein 
are  based  on  material  properties  representative  of  the  in-place 
conditions  at  the  time  this  field  investigation  was  conducted. 
Exact  agreement  between  behavior  of  the  facilities  as  shown  by 
this  evaluation  and  that  which  may  actually  occur  under  traffic 
cannot  be  expected,  primarily  because  of  the  difficulties  of 
determining  the  exact  traffic  that  produces  the  behavior,  and 
also  because  material  properties  change  due  to  environmental 
factors  such  as  precipitation,  freeze-thaw  cycles,  and  age. 
These  changes  must  be  considered  in  future  planning,  especially 
where  a  change  in  mission  will  result  in  an  increase  in 
aircraft  loads  and/or  aircraft  traffic  volume. 


E.  CLIMATIC  DATA 

Appendix  G  provides  a  summary  of  climatic  data  for  both 
airfields. 
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SECTION  III:  METHODOLOGY  OF  ANALYSIS 


A.  PHYSICAL  PROPERTY  DATA 

The  parameters  used  for  this  evaluation  are  summarized  in 
Appendix  E.  The  data  presented  were  selected  as  the  most 
representative  strength  values  for  each  feature.  Strength  of 
flexible  pavements  (asphaltic  concrete,  AC)  are  based  on  the 
the  conventional  CBR  method  of  design  and  evaluation.  Each 
unique  soil  layer  was  tested  to  determine  the  CBR  of  the 
layer.  CBRs  were  also  measured  on  the  rigid  pavement  (Portland 
cement  concrete,  PCC)  supporting  soils,  and  then  correlated  to 
moduli  of  subgrade  reaction,  or  k-value.  Rigid  pavements  were 
then  evaluated  based  on  the  Westergaard  theory  of  design  and 
evaluation. 

B.  DETERMINATION  OF  ALLOWABLE  GROSS  LOADS 

The  AGLs  were  determined  by  a  computer  program  based  on 
procedures  in  AFM  88-24  and  AFR  93-5.  The  AGL  for  a  feature 
was  reduced  25  percent  if  the  condition  rating  for  the  feature 
was  POOR  or  worse.  Appendix  E  outlines  the  engineering 
properties  used  to  calculate  the  AGLs. 

Failure  criteria  used  in  the  allowable  load  analysis  is 
different  for  rigid  and  flexible  pavements.  Rigid  (and 
composite)  pavement  failure  criteria  is  partly  based  on  a 
limiting  tensile  stress  of  the  concrete.  Conversely, 
compressive  subgrade  strain  is  one  failure  parameter  used  in 
the  AGL  calculation  of  flexible  pavement  systems. 

C.  EXAMPLE  PROBLEM 

The  following  example  (employing  data  from  this  report) 
illustrates  how  to  use  the  allowable  gross  load  information. 

Problem;  The  Bolivian  government  wants  to  traffic  a  150-kip 
(1  kip  s  1000  pounds)  727  on  Feature  T02A  of  the  Sucre 
airfield.  How  many  passes  can  they  expect  to  make  before  the 
pavement  fails? 


Solution:  From  Appendix  F,  the  Allowable  Gross  Loads  for  a  727 
at  Pass  Intensity  Levels  I-IV  (50,000,  15,000,  3,000,  and  500) 
are  120,  139,  168,  and  +  (pavement  can  support  greater  than 
maximum  aircraft  weight)  kips,  respectively.  The  weights  and 
passes  are  plotted  on  semi-log  paper  as  shown  in  Figure  1.  The 
completed  graph  indicates  a  150-kip  727  can  make  approximately 
8,800  passes  on  Feature  T02A  before  the  pavement  fails. 
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The  International  Civil  Aviation  Organization  (ICAO)  has 
developed  and  adopted  a  standardized  method  of  reporting 
pavenent  strength.  This  procedure  is  known  as  the  Aircraft 
Classification  Rumber/Paveinent  Classification  Number  (ACN/PCN) 
method  (Reference  3) .  In  support  of  this  international  system, 
PCNs  are  provided  for  each  pavement  feature  on  the  different 
airfields.  A  brief  explanation  on  the  PCN  code  is  shown  below 
for  PCN  -  31/R/A/W/T. 


Pavement 
PCN  Type 


PCN  FIVE-PART  CODE 

Subgrade  Tire  Method  of 

Strength  Pressure  PCN  Determination 


Numeric 

R 

-  Rigid 

A 

W 

T 

-  Technical 

Value 

B 

X 

Evaluation 

-  31 

F 

-  Flexible 

C 

Y 

U 

-  Using 

D 

Z 

Aircraft 

EXPLANATION  OF  TERMS: 

Subgrade 

Code  Category 

-Strength.  -Cadea 

Flexible 

Pavement 

CBR,  % 

Rigid 
Pavement 
k,  pci 

A 

High 

Over  13 

Over  400 

B 

Medium 

9-13 

201-400 

C 

Low 

4-8 

100-200 

D 

Ultralow 

<  4 

<  100 

Code 


Tire  Pressure  Codes 
Category  Tire  Pressure,  psi 


W 

X 

Y 

Z 


High 

Medium 

Low 

Ultralow 


No  Limit 
146  -  217 
74  -  145 
0-73 
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USAF  typically  reports  PCNs  based  on  50,000  passes  of  C-141 
aircraft.  However,  Potosi  pavements  are  structurally  weak. 
Because  of  this,  PCNs  were  calculated  based  on  500  passes  of 
C-130  aircraft  for  the  Potosi  airfield.  Conversely,  pavements 
at  Sucre  are  structurally  sound,  so  PCNs  were  calculated  based 
on  Group  9  aircraft  (C-141)  at  Pass  Intensity  Level  I  (50,000 
passes).  PCNs  for  respective  airfields  are  shown  below.  Note 
the  PCNs  are  based  on  different  aircraft  and  different  Pass 
Intensity  levels.  They  should  not  be  confused. 


Pavement  Classification  Number,  PCN 
Based  on  500  Passes  of  C-130 
Potosi,  Bolivia 


Feature  £CS 

ROIA 
R02A 
R03A 
R04A 
TOIA 
T02C 
AO  IB 
A02B 
A03B 
A04B 
A05B 


3/F/A/Y/T 

11/F/A/Y/T 

8/F/B/Y/T 

33/F/C/Y/T 

8/F/C/Y/T 

0/F/C/Y/T 

4/F/A/Y/T 

33/R/A/y/T 

10/R/A/y/T 

12/R/A/Y/T 

0/F/A/Y/T 


Pavement  Classification  Number,  PCN 
Based  on  50.000  Passes  of  C-141 
Sucre,  Bolivia 


Feature  ESS. 

ROIA 
TOIA 
T02A 
T03A 
AO  IB 
A02B 
A03B 
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52/R/B/X/T 

47/R/B/X/T 

46/R/C/X/T 

50/R/B/X/T 

49/R/B/X/T 

55/R/B/X/T 

47/R/B/X/T 
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SECTION  IV.  PAVEMENT  ASSESSMENT 


A.  PQTOSl  AIRFIELD 

Pavement  conditions  at  Potosi  range  from  VERY  GOOD  to  FAILED 
with  the  majority  of  the  runway  in  VERY  GOOD  condition.  The 
PCC  apron  features  range  from  POOR  to  VERY  GOOD  condition.  PCC 
thicknesses  on  the  apron  vary  from  3  to  6  inches.  Most 
distresses  are  a  result  of  overloading  and  overfinishing  of  the 
concrete.  Consequently*  transverse*  longitudinal*  and  low 
severity  surface  map  cracks  are  present.  Specific  conditions 
and  recommendations  are  addressed  in  the  following  paragraphs. 

1.  Runway  06/24: 

Runway  06/24  is  a  four-layer  flexible  pavement  system — a  triple 
bituminous  surface  treatment*  base  course*  one  subbase  layer, 
and  the  subgrade.  SATs  were  conducted  on  the  base  course  every 
1000  feet  along  the  runway.  Subbase  strengths  were  determined 
by  CBR  tests  in  four  test  pits*  and  subgrade  strengths  were 
determined  from  DCP  testing. 

Several  thousand  yards  of  material  were  excavated  before  the 
runway  was  constructed  in  the  1970s.  It  is  6580  feet  (2000 
meters)  long*  100  feet  wide*  with  a  small  flexible  pavement 
turn-around  at  the  06  end.  The  surface  conditions  are 
generally  VERY  GOOD  with  few  pavement  distresses.  There  are  no 
signs  of  structural  damage  to  the  runway.  As  was  mentioned 
before*  the  surface  is  a  triple  bituminous  surface  treatment 
about  one  inch  thick.  The  predominant  distress  throughout  the 
runway  is  weathering  of  the  surface.  Aggregate  and  asphalt 
have  separated  in  isolated  spots  in  the  top  surface  layer 
only.  This  is  most  evident  on  the  06  end  where  take-offs  occur 
more  frequently.  Minor  fuel  spills  may  also  be  a  contributing 
factor.  Because  of  bond  loss  between  the  aggregate  and 
asphalt*  FOD  and  debris  are  present  throughout  the  runway. 

There  is  no  sweeper  located  at  the  airfield  to  clean  the  runway 
surface. 

Separation  between  the  surface  treatment  layers  was  observed  in 
many  of  the  cores.  It  is  not  apparent  on  the  runway  surface. 
Shear  failure  between  the  layers  may  occur  under  increased 
traffic  and  loads.  It  may  also  be  aggravated  by  the  extreme 
temperatures  in  the  area.  Dur'.ng  the  cold  months*  the  layers 
may  become  more  brittle*  causing  a  better  defined  failure 
plane.  Conversely*  when  the  temperatures  rise,  traffic  may 
tend  to  compact  the  layers. 


The  strength  of  each  layer  was  determined  throughout  the 
runway.  The  base  course  thickness  varies  between  7  and  17 
inches  with  CBR  values  ranging  from  37  to  100.  Strength  of  the 
bsse  course  is  consistent  for  approximately  4000  feet  beginning 
St  thi  P6  end.  Values  for  that  area  are  40%  to  55%.  A 
distlnist  change  occurs  approximately  2000  feet  from  the  24  end 
b£  the  runway,  where  the  base  course  strength  becomes 
significantly  higher  (95-f).  Conversely,  subbase  strength  at 
th9  06  end  is  much  stronger  than  the  subbase  at  the  24  end. 
Su^rade  streoigth  was  very  consistent  with  CBR  values  in  the 
8-12  range.  A  plot  of  CBR  vs  Runway  Station  is  shown  for  each 
layer  in  Appendix  C. 

The  taxiway  joining  the  runway  and  parking  apron  is  50  feet 
wide  and  is  constructed  using  cement  stabilized  base  course 
covered  by  a  layer  of  uniformly  graded  gravel  protected  by  a 
single  bituminous  cutback  weathering  course.  The  taxiway  is  in 
POOR  condition.  There  are  no  indications  of  structural 
distresses,  however,  surface  conditions  warrant  such  a  rating. 
Because  of  the  aggregate  gradation  and  only  one  inch  of  gravel 
being  placed  above  the  cement  stabilized  material,  the  surface 
could  not  be  adequately  compacted  and  treated  to  a  smooth 
surface.  There  are  also  tire  marks  in  the  bituminous  material 
near  the  intersection  of  the  runway.  Recommend  the  taxiway  be 
overlayed  with  asphaltic  concrete  (AC)  to  enhance  the  structure 
and  surface. 


2 .  Aprons : 

There  is  one  main  PCC  parking  apron  that  consists  of  three 
distinct  features.  Pavement  features  are  distinguished  by 
either  different  materials,  thicknesses,  construction,  or 
structural  capacity.  The  second  apron,  which  is  no  longer 
usable,  is  located  approximately  2000  feet  from  the  06  end.  It 
was  originally  constructed  of  a  single  bituminous  surface 
treatment  overlaying  the  base  and  the  subgrade. 

The  main  parking  apron  is  100  feet  wide  and  270  feet  long  at 
its  largest  dimensions.  The  newest  addition  to  the  apron  is 
approximately  100  ft  x  107  ft.  This  section  is  in  VERY  GOOD 
condition  with  the  only  distresses  being  low  severity  map 
cracking.  However,  the  PCC  is  only  6  inches  thick.  Specific 
pavement  characteristics  are  outlined  in  the  Summary  of 
Physical  Property  Data,  Appendix  E. 
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The  other  two  main  apron  features,  A03B  and  A04B,  are  in  VERY 
POCMt  ABD  POOR  condition,  respectively.  The  PCC  pavement  is 
only  3-5  inches  thick  with  low  strength  supporting  soils.  The 
slabs  were  constructed  such  that  transverse  joints  were  offset 
1/2  slab  length  on  adjacent  rows.  Consequently,  the  joint 
cracks  are  propagating  into  adjacent  slabs  and  furthering  the 
pavement  degradation.  Other  common  distresses  include  scaling, 
medium  severity  longitudinal  and  transverse  cracks,  map 
cracking,  joint  spalls,  and  D-cracking.  These  are 
environmentally  related  and  load  related  distresses.  Load 
calculations  indicate  these  features,  as  most  others,  cannot 
safely  sustain  heavy  aircraft  loadings.  Specifics  are  outlined 
in  the  AGL  tables.  Appendix  F.  Recommend  the  entire  apron  be 
replaced. 

The  unusable  apron.  Apron  2,  was  tested  with  the  DCP.  It 
originally  consisted  of  a  single  bituminous  surface  treatment 
which  has  since  deteriorated  and  is  no  longer  a  functional 
weathering  course.  Vegetation  growth  is  quite  extensive  and 
the  pavement  is  not  capable  of  supporting  aircraft.  If  the 
area  is  to  be  used,  a  total  reconstruction  is  recommended. 

Analysis  of  the  runway  pavements  at  Potosi  indicate  the 
airfield  cannot  support  C-130  operations  without  damaging  the 
pavement  and  possibly,  the  aircraft.  Features  R02A  and  R04A 
can  support  limited  operations,  but  the  critical  features  are 
ROIA  and  R03A.  These  features  cannot  support  operations  listed 
at  the  stated  four  Pass  Intensity  Levels.  The  reason  for  such 
limited  capacity  is  the  minimal  AC  cover  on  the  base  course, 
and  the  measured  strength  of  the  base  course. 

The  computed  AGLs  are  based  on  Pass  Intensity  Levels  l-IV 
which,  for  a  C-130,  are  50,000,  15,000,  3,000,  and  500  passes 
respectively.  In  addition  to  that,  loads  were  evaluated  for 
C-130  aircraft  based  on  100  passes.  The  calculations  were 
based  on  an  airfield  pavement  evaluation  program  developed  by 
the  US  Army  Corps  of  Engineers.  The  following  table  indicates 
the  load  carrying  capability  of  runway  features  based  on  100 
passes  of  C-130  aircraft.  • 

Table  1. 

Allowable  Gross  Load  (AGL) 

Based  100  Passes  of  C-130  Aircraft 


ROIA 

68 

Less  than  empty  weight  of  aircraft 

R02A 

100 

R03A 

80 

Near  minimum  aircraft  weight 

R04A 

174 

Near  maximum  aircraft  weight 
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As  TSbtti  1  indicates,  the  controlling  runway  feature,  ROIA,  is 
not  capable  of  supporting  100  passes  of  a  C-130  aircraft 
witbcnit  doutging  the  pav«nent,  or  possibly,  the  aircraft.  If 
the  airfield  is  to  be  used  for  medium  and  heavy  aircraft, 
tecoBiaend  the  runway  and  adjoining  pavements  be  structurally 
relwilt. 


B.  SttM-AIRglgltP 

The  Sucre  airfield  is  entirely  constructed  of  PCC  with  a  base 
course  covering  the  in  situ  subgrade.  SATs  were  conducted 
every  1000  feet  on  the  runway  to  obtain  a  subsurface  soil 
strength  profile.  Additional  tests  were  then  conducted  to 
better  define  the  soil  strength  profile.  SATs  were  also 
conducted  in  the  apron  and  two  taziways.  Soil  strength 
profiles  are  graphically  shown  in  the  Sucre  Appendix  C. 

Pavement  conditions  at  Sucre  are  VERY  GOOD,  or  better. 
Distresses  are  limited  to  isolated  low  severity  longitudinal, 
transverse  and  map  cracks.  Joint  sealant  is  generally,  in  GOOD 
condition.  The  distresses  that  are  evident  have  been 
well-maintained  which  is  indicative  of  sound  engineering 
practices.  Specific  conditions  and  recommendations  are 
addressed  in  the  following  paragraphs. 

1.  Runway  05/23: 

Runway  05/23  is  a  three-layer  rigid  pavement  system.  The 
airfield  was  constructed  in  1975  under  one  contract  with 
consistent  material  throughout.  The  PCC  thickness  is  11  to  13 
inches  thick  which  is  supported  by  approximately  16  inches  of 
granular  base  on  top  of  the  subgrade.  The  concrete  cores 
appear  very  sound  with  a  well-graded  aggregate  composition. 

The  runway  is  9475  feet  long  and  100  feet  wide  with  a  concrete 
turn-around  apron  on  the  05  end.  Significant  elevation  changes 
occur  along  the  length  of  the  runway.  The  elevation  is  highest 
at  the  midpoint  and  slopes  down  towards  each  end.  A  hill  at 
the  05  end  prevents  a  gradual  glide  slope  for  approaching 
aircraft.  Approximately  600  feet  from  the  23  end  is  a  wire 
fence  separating  the  runway  from  a  steep  valley.  Because  of 
the  deep  valley  at  RW  23  and  the  hill  at  the  05  end,  the 
thresholds  have  been  displaced  1720  and  2350  feet  respectively. 
Subsequently,  traffic  landings  are  concentrated  approximately 
2500  feet  from  the  05  end. 

Runway  pavement  conditions  are  generally  VERY  GOOD  with  few 
pavement  distresses.  There  are  only  isolated  signs  of 
structural  distresses.  For  example,  in  the  concentrated 
touchdown  areas  are  low  severity  longitudinal  and  transverse 
cracks  that  have  been  well-maintained.  The  predominant 
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distress  throughout  the  runway  is  low  severity  map  cracking. 
Even  these  areas  are  isolated  and  most  have  been  chipped  to 
sound  material  and  sealed.  Additionally,  there  is  evidence  o£ 
alkali-aggregate  reaction  in  isolated  spots  on  the  runway 
surface.  The  maintenance  throughout  is  excellent. 

The  strength  of  each  layer  was  determined  throughout  the 
runway.  The  base  course  thickness  was  constant  at  12-18  inches 
covering  the  subgrade.  CBR  strengths  for  the  granular  base  are 
generally  in  the  50-80%  range.  Strength  of  the  subgrade  was 
investigated  using  the  dynamic  cone  penetrometer.  Generally, 
only  limited  load  restrictions  apply  to  the  Sucre  airfield. 
There  are  no  load  restrictions  at  the  current  traffic  levels. 
Specific  load  carrying  capabilities  are  outlined  in  Appendix  F. 


2 .  Taxiways : 

There  are  two  taxiways  adjoining  the  main  apron  at  Sucre.  One 
is  in  VERY  GOOD  condition  and  the  other  is  EXCELLENT.  The  only 
distresses  are  longitudinal  and  transverse  cracks  that  have 
been  well-maintained.  These  cracks  are  limited  to  250  square 
feet  at  the  intersection  of  the  apron  and  Taxiway  2.  These 
cracks  may  be  a  result  of  combination  of  loading  and  strength 
of  the  subsurface  soils.  In  this  area,  as  in  most  of  the 
apron,  subsurface  water  was  found  flowing  between  the  concrete 
and  base  course,  causing  a  small  void  at  the  interface. 


3.  Apron: 

There  is  one  main  PCC  parking  apron  (300  ft  x  500  ft)  that  is 
in  EXCELLENT  condition.  There  are  no  significant  distresses. 
However,  as  was  previously  mentioned,  subsurface  water  was 
found  flowing  at  the  interface  of  concrete  and  base  course 
material.  The  water  appears  to  have  washed  out  some  of  the 
fines  that  act  as  a  binder  in  the  base  course.  This  has  also 
left  a  small  void  between  the  slabs  and  supporting  soil.  There 
are  presently  no  distresses,  but  structural  cracks  may  occur  as 
loads  and  frequency  increase.  Structural  cracks  have  occurred 
in  the  taxiway  (mentioned  above)  because  the  loads  are 
concentrated  in  a  small  area,  whereas  the  concentration  does 
not  occur  on  the  apron.  These  cracks,  if  they  occur,  will 
surface  over  a  period  of  time.  Recommend  the  surface  condition 
be  monitored  for  any  PCC  cracking. 

There  are  no  taxi  lines  painted  on  the  apron.  B-727s  are  the 
predominant  commercial  aircraft  that  use  the  airport 
facilities.  Taxiing  aircraft  follow  the  same  general  path 
which  occasionally  results  in  the  main  gears  falling  on  the 
concrete  joints.  Recommend  a  taxi  line  be  painted  so  main 
gears  fall  near  the  center  of  the  PCC  slabs. 
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SBCTIOH  V:  OQllCmSIQNS/RECOMMENDATIONS 


1.  Pavements  at  Potoai  airfield  should  be  structurally 
enhanced  to  support  increased  aircraft  loads  and  traffic. 
Strength  tests  and  pavement  conditions  warrant  such  a 
recosnendatlon . 

2.  Pavements  at  Sucre  are  well-maintained  with  few 
distresses.  The  conditions  can  be  attributed  to  attention  to 
detail,  sound  engineering,  and  limited  traffic.  Recommend  the 
condition  of  the  Main  Apron  and  Taxiway  2  be  monitored  for 
increased  deterioration. 


17 


SECTIOH  VI :  GLOSSARY 


Allowable  Groag  Load  (AGP  -  The  maximum  aircraft  load  that  can 
be  supported  by  a  pavement  feature  for  a  particular  number  of 
passes . 

Base  or  Subbaae  Courses  -  Natural  or  processed  materials  placed 
on  the  subgrade  beneath  the  pavement. 

Compacted  Subarade  -  The  upper  part  of  the  subgrade,  which  is 
conqtacted  to  a  density  greater  than  the  portion  of  the  subgrade 
below. 

Feature  *-  A  unique  portion  of  the  airfield  pavement 
distinguished  by  traffic  area,  pavement  type,  pavement  surface 
thickness  and  strength,  soil  layer  thicknesses  and  strengths, 
construction  period,  and  surface  condition. 

Frost  Evaluation  ~  Pavement  evaluation  during  the  frost-melting 
period,  when  the  pavement  load-carrying  capacity  will  be  reduced 
unless  protection  has  been  provided  against  detrimental  frost 
action  in  underlying  soils. 

Pass  -  On  a  runway,  the  movement  of  an  aircraft  over  an 
imaginary  line  500  feet  down  from  the  approach  end.  On  a 
taxiway,  the  movement  of  an  aircraft  over  an  imaginary  line 
connecting  an  apron  with  the  runway.  AFR  93-5,  Chapter  2. 

Pass  Intensity  Levels  (PILl  -  Specific  repetitions  of  aircraft 
over  a  pavement  feature,  regardless  of  time,  that  are  dependent 
on  aircraft  design  category.  AFR  93-5,  Chapter  2. 

Pavement  Condition  Index  (PCI)  -  A  numerical  indicator  between 
0  and  100  that  reflects  the  structural  integrity  and  surface 
operational  condition  of  the  pavement.  AFR  93-5,  Chapter  3. 

Primary  Pavements  -  Those  features  that  are  absolutely  necessary 
for  mission  aircraft  operations.  AFR  93-5,  Chapter  4. 

Suborade  -  The  natural  soil  in-place,  or  fill  material,  upon 
which  a  pavement,  base,  or  subbase  course  is  constructed. 

Type  A  Traffic  Areas  -  Type  A  Traffic  Areas  are  those  pavement 
facilities  that  receive  the  channelized  traffic  and  full  design 
weight  of  the  aircraft.  AFM  88-6,  Chapter  1. 

Type  B  Traffic  Areas  -  Type  B  Traffic  Areas  are  considered  to 
be  those  areas  where  traffic  is  more  nearly  uniform  over  the 
full  width  of  the  pavement  facility,  but  which  receive  the  full 
design  weight  of  the  aircraft.  AFM  88-6,  Chapter  1. 
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Tvpft  C  Traffic  Areas  -  Type  C  Traffic  Areas  are  considered  to 
be  those  on  which  the  volume  of  traffic  is  low  or  the  applied 
weight  of  the  operating  aircraft  is  less  than  the  design  weight. 
AFN  88-6*  Chapter  1. 


PAVEMENT  CONDITIOM  EVALUATION  TERMINOLOCSY 


C(»DITION 

BATIHfi  DEFINITION 


EXCELLENT  PAVEMENT  HAS  MINOR  OR  NO  DISTRESS  AND  WILL  REQUIRE 
ONLY  ROUTINE  MAINTENANCE. 

VERY  GOOD  PAVEMENT  HAS  SCATTERED  LOW  SEVERITY  DISTRESSES 
WHICH  SHOULD  NEED  ONLY  ROUTINE  MAINTENANCE. 

GOOD  PAVEMENT  HAS  A  COMBINATION  OF  GENERALLY  LOW  AND 

MEDIUM  SEVERITY  DISTRESSES.  MAINTENANCE  AMD  REPAIR 
MEEDS  SHOULD  BE  ROUTINE  TO  MAJOR  IN  THE  NEAR-TERM. 


FAIR  PAVEMENT  HAS  LOW,  MEDIUM,  AND  HIGH  SEVERITY 

DISTRESSES  WHICH  PROBABLY  CAUSE  SOME  OPERATIONAL 
PROBLEMS.  MAINTENANCE  AMD  REPAIR  NEEDS  SHOULD 
RANGE  FROM  ROUTINE  TO  RECONSTRUCTION  IN  THE 
NEAR-TERM. 


POOR  PAVEMENT  HAS  PREDOMINANTLY  MEDIUM  AMD  HIGH  SEVERITY 

DISTRESSES  CAUSING  CONSIDERABLE  MAINTENANCE  AND 
OPERATIONAL  PROBLEMS.  NEAR-TERM  MAINTENANCE  AND 
REPAIR  MEEDS  WILL  BE  INTENSIVE. 


VERY  POOR  PAVEMENT  HAS  MAINLY  HIGH  SEVERITY  DISTRESSES  WHICH 
CAUSE  OPERATIONAL  RESTRICTIONS.  REPAIR  NEEDS  ARE 
IMMEDIATE. 

FAILED  PAVEMENT  DETERIORATION  HAS  PROGRESSED  TO  THE  POINT 

THAT  SAFE  AIRCRAFT  OPERATIONS  ARE  NO  LONGER 
POSSIBLE.  COMPLETE  RECONSTRUCTION  IS  REQUIRED. 
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SECTION  VII:  CONVERSION  FACTORS 

BRITISH  TO  INTERNATIONAL  SYSTEMS  (SI)  OF  UNITS 
British  units  of  measurements  are  used  in  this  report  and  can  be 


converted  to  SI  (Metric)  units  as  follows: 

TO  CONVERT 

IQ 

MULTIPLY  BY 

LENGTH 

inch  (in) 

millimetre  (mm) 

25.400 

inch  (in) 

metre  (m) 

0.0254 

foot  (ft) 

metre  (m) 

0.305 

yard  (yd) 

metre  (m) 

0.915 

mile  (mi) 

kilometre  (km) 

1.609 

AREA 

square  inch  (in^)  square  millimetre  (mm^) 

645.2 

square  inch  (in^) 

square  metre  (m^) 

0.0006452 

square  foot  (ft^) 

square  metre  (m^) 

0.093 

square  yard  (yd^) 

square  metre  (m^) 

0.8361 

square  mile  (mi^) 

square  kilometres  (km^) 

2.59 

acres 

square  kilometres  (km^) 

0.004046 

VOLUME 

cubic  inch  (in^) 

cubic  millimetre  (mm^) 

16487.0 

cubic  foot  (ft3) 

cubic  metre  (m^) 

0.028 

cubic  yard  (yd^) 

cubic  metre  (m^) 

0.7646 

MASS 

pound  (lb) 

kilogram  (kg) 

0.454 

£QB£E 

pound  (lb  f ) 

newton  (n) 

4.448 

kip  (1000  lb  f) 

kilogram  (kg) 

453.6 

STRESS 

pound  per  square  inch 

kilo  Pascals  (kPa) 

6.895 

(psi) 

pounds  per  square  inch 

kilo  Pascals  per 

per  inch  (psi/in) 

millimetre  (kPa/mm) 

0.2715 

DEGREES 

degrees  Fahrenheit (^F) 

(po_32) 

degrees  Celsius  (<^C) 

5/9 

CEii&m 

pounds  per  cubic  foot 

kilogram  per  cubic 

16.052 

(pounds  mass) 

meter  (kg/m3) 
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SUMMARY  OF  ALLOWABLE  GROSS  LOADS  IN  BRITISH  UNITS 


PASS 

FEAT.  INTENSITY 
LEVEL 


PAVEMENT  CAPACITY  IN  KIPS 
FOR  AIRCRAFT  GROUP  INDEX  NUMBERS 


SUMMARY  OF  ALLOWABLE  GROSS  LOADS  IN  METRIC  UNITS 


PASS 

HtTfNSITV 

LEVEL 


PAVEMENT  CAPACITY  IN  KILOGRAMS  x  1000 
FOR  AIRCRAFT  GROUP  INDEX  NUMBERS 


POTOSI 


U6HT  LOAD 


AIRCRAFT  GROUP  INDEX 


MEDIUM  LOAD 


«F-III  C-130  C-7 
AHO  Ire-HI  »C-9 


737  *  727  707  C-MI 


•C-9  *7-43  C-22 

0C9. 

C-140 


C-135  B-7S7 
■KC-135 
VC-07 
OC-8 
EC-ie 
A-300 
B“7«7 


HEAVY  LOAD 


■KC-IO  747  8-52 

OCIO  •  E-4 
LIOII  VC-25 
C-17 


•  C0NTR0LLN6  AiRCRATT 


GROSS  WEIGHT  LIMITS  FOR  AIRCRAFT  GROUPS 


PAVEMENT  CAPACITY  IN  KIPS 
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POTOSI,  BOLIVIA 


TOPOCBAPHT 

Pocosl  lies  in  a  northeaae  to  southwest  oriented  valley  In  the 
high  plateau  region  of  Bolivia  at  12,911  feet.  The  elevations 
around  Potosi  range  froa  15,472  ft  In  the  north  northeast  to 
16,174  ft  In  the  northwest  with  the  highest  elevation  being 
16,503  ft  Just  seven  alles  to  the  east  southeast. 

Several  factors  control  the  cllnate  of  Bolivia,  giving  the 
lowlands  a  very  hot,  wet  and  humid  Jungle  type  environment  while 
the  high  plateau  has  a  relatively  cold,  dry  cllnate.  With  Potosi 
situated  in  a  valley  it  has  a  very  temperate  climate.  The  South 
Atlantic  high  pressure  cell  Is  the  source  of  the  southeast  trade 
winds  which  blow  through  Bolivia. 

VISIBILITY 

Visibility  can  be  reduced  below  six  miles  due  to  fog,  haze,  or 
smoke  on  17  days  a  year.  Visibility  will  be  reduced  below  two 
and  a  half  alles  only  on  two  days  a  year  and  has  never  been 
reported  below  one  half  mile.  Ceilings  can  be  expected  to  be 
bel  »  2000  ft  on  101  days  a  year  In  the  mornings  during  the 
suab.er  months  and  will  remain  past  noon  only  on  62  days. 

SBVBBB  MKATHKB 

Thunderstorms  occur  on  an  average  of  10  days  a  year  with  only 
four  days  having  small  hall.  Snow  Is  not  uncommon  In  the  high 
plateau  area  of  Bolivia;  however  It  usually  melts  soon  after 
falling.  Winds  at  Potosi  average  10  -  15  knots  during  the  winter 
months  (May  ■>  September),  and  10  kts  during  October  -  April. 
Potosi  has  20  days  a  year  when  the  winds  will  reach  or  exceed  28 
kts  . 


APPBOVBD  FOB  POBLIC  BBLEASB 
DISTBIBOTIOM  IS  DHLINITED 


CLIMATOLOGICAL  DATA  1  ANNUAL  WIND  COVERAGE  TAMILATION 
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NOTES 

1.  FeATUHe  OeSKiNATIOM  OertOTES  TYPE  OF FCATWe,  WJIfiee/tOF 
1  FEA  TVfte  FOP  QtVEH  FEA  TURE  TYPE  AND  TYPE  TRAFFIC  AREA. 

i.  TRAFFK  AREA  OESTQNA  T10NS  ARE  BASED  ON  AFN  9S-B,  CHAPTER  1. 
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OYNArtXC  CONE  PENETROMETER  v'OCP) 
RUNUAY  STA  3S*99 


DYNAMIC  CONE  PENETROMETER  (DCP) 
RUNUAY  ST A  86+00 


0  10  S0  30  40  50  60  70  80  90  100 

m  OF  BLOUS 


10  20  30  40  50 


70  80  90  100 


TEST  PIT  2 


LEGEND 


OljPTM  MATERIAU  UL/PI  C0B 
!<«)  symbolIcuassif  (%> 


SW-SC*  24  8/  fll 


*Att«rbur9  Ll»it  «•  'cl-ml’ 


<l«t«mln«4  by  Dyn^JUc  Con*  P«fwtro»*t*r 
(OCY) ,  aubqrsd*  aoll  net  r*cov«r«d. 


TEST  PtT  LOCATION  AND  NUMBER 
7.5  4C/0.5  PCC  (57$) 

CORE  LOCATION.  P4YEMEMT  THICKNESS  IN  INCHES. 
TYPE  PAVEMENT.  AND  FLEXURAL  STRENGTH  OP 
CONCRETE  FOR  PCC  CORES. 


V  SMAii  APERTURE  TEST  LOCATION  THROUGH  CORE  HOLE 
Q  OTNAMIC  CONE  PENETROMETER  (DCP)  TEST  LOCATION 

(NT)  NOT  TESTED 
PCC  PORTLAND  CEMENT  CONCRETE 
QC  CLATET  GRAVEL 

SM-SC  SILTV  CLATEy  SAND 
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2BDXB_Zs  8«al*d  longitudinal  crack  on 
raatura  T03A. 


£llBXgfi_t:  Load  ralatad  cracka  that  haTO  boon 
vail  Mlntainad.  Traffic  ia  concantratad  in 
thJa  araa. 


SUMMARY  OF  ALLOWABLE  GROSS  LOADS  IN  BRITISH  UNITS 
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NOTES 

m  REFERENCE  TO  THE  ALLOWABLE  GROSS  LOAD  (AGL)  TABLE: 

A  O»not0$  Iow0tt  potsibim  •mpty  grot*  wolght  ot  any  aircraft 
mUhIn  tba  group  axeaad*  tha  AQL  ot  tha  pavamani.  Paremant 
eaupot  aupport  afroratt  for  raapactluo  pat*  fatanslty  favaf. 

■f  Oouotaa  no  waigbl  raatrlctfon*.  AQL  of  tha  paaamant  exceeds 
tha  graalaat  pottUtIa  vross  erelgfit  of  any  aircraft  In  tha  group. 


Tha  load  carrying  eapaeltlaa  ot  tha  pavements  reported  fi<«re<n  are 
baaad  on  matarlal  propartia*  rapraaantatlaa  of  tha  In-piaca 
condition*  at  tha  tlma  thi*  flald  Inwaatlgatlon  eras  condweted. 


SUMMARY  OF  ALLOWABLE  GROSS  LOADS  IN  METRIC  UNITS 
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SUCRE 


NOTES 

m  RCFEREMCe  TO  THE  ALLOWABLE  GROSS  LOAD  (AQL)  TABLE: 

A  OmnotAt  lowASt  posgIb/A  Ampty  grogg  wAlght  ot  Any  aircraft 
withia  tba  group  aMcaada  tha  AGL  of  tba  pagamaot.  Paramant 
eanaol  aopport  aircraft  for  ragpaetiga  paaa  Intanalty  lavaf. 

■f  Oanotaa  no  walght  raatrletlong.  AGL  of  tha  pavamant  agceedg 
tha  graataat  poaalbla  groaa  walght  of  any  akeraft  In  tha  group. 


Tho  load  carrying  capacltlaa  of  tha  payamautg  raportad  harain  ara 
baaad  on  matarlal  propartlaa  rapragantatiga  of  tho  lu-placa 
conditlona  at  tho  tima  thla  flald  Ingaatlgatlon  wag  conductad. 


LIGHT  LOAD 


2 


AIRCRAFT  GROUP  INDEX 


MEDIUM  LOAD 


HEAVY  LOAD 


*F-III 

FB-Ml 


C-130  C-7 


C-7  737  » 727 

»C-9  •T-AB  C-22 
0C9- 
C-140 


F-16 

F-KW 

T-33 

T-se 

T-39 

OV-IO 

C-20 


hKC-135 
VC-07 
DC- 8 
EC-18 
A-300 
8-787 


C-MI  C-5  MtC-IO  747  8-52 

*8-1  OCIO  *£-4 

Lion  VC-25 
C-17 


•  CONTROLLING  AIRCRAFT 


GROSS  WEIGHT  LIMITS  FOR  AIRCRAFT  GROUPS 


PAVEMENT  CAPACITY  IN  KIPS 


LOWEST  POSSIBLE 
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22 
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60 

190 
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129  T 
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PAVEMENT  CAPACITY  IN  KILOGRAMS  l  1000 
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99 
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300000  PASSES 


50000  PASSES 


1 5D00  PASSES 


3000  PASSES 


PASS  INTENSITY  LEVEL 


S  6 


50JOOO  PASSES 


15,000  PASSES 


3,000  PASSES 


500  PASSES 


15000  PASSES 


3000  PASSES 


500  PASSES 


100  PASSES 
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TYNDLL  AIR  FORCE  BASE,  FLORIDA 


RELATED  DATA 


NOV  88 


MAWWO  NVIllfG 

AMINOIX  0 


••AtVM 

c.  tAtriAN 


SUCtB.  BOLIVIA 


TOFOCIAPHT 


Sacra  is  located  at  9500  feet  at  the  head  of  a  short,  narrow 
North  through  South  oriented  valley  on  the  Bolivian  high 
plateau.  There  are  aountains  on  three  aides  of  Sucre,  ranging 
froa  a  aaxlaua  of  16,000  feet  30  alias  Southwest  through  West  to 
a  aore  aodeat  11,000  >  13,000  feet  40  alles  to  the  West  through 
Northeast.  There  ia  a  break  froa  the  Northeast  through  Southeast 
with  lover  elevations  with  9,000  -  10,000  foot  peaks.  Froa  40 
ailea  to  the  Southeast  through  the  Southwest  there  are  peaks  of 
11,000  -  13,000  feet. 

VISIBILITY 

Visibility  restrictions  are  not  a  real  problem,  with  fog,  haze 
and  saoke  reducing  visibilities  below  6  miles  only  17  days 
annually.  Visibilities  less  than  2  1/2  miles  occur  4  days  a  year- 
and  visibilities  of  less  than  5/8  of  a  alle  only  2  days  a  year. 
The  restrictions  to  visibility  occur  mainly  in  the  late  summer 
months . 

SIVBBB  WBATHBt 


Thunderstoras  will  occur  16  days  annually  with 
having  small  pea-sized  hail.  Snow  rarely  falls; 
does  fall  it  melts  almost  immediately  upon  contac 
ground.  The  peak  wind  available  is  50  knots  froa 


7  of  those  days 
however,  when  It 
t  with  the  warm 
the  North. 


APPIOVBD  FOE  POBLIC  EBLBASB, 
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